In the dog a reduction of mean arterial pressure to 40-50 mm Hg decreased MAC by 20 ± SEM 4 % in the 1st hour. No further change resulted during the ensuing 3 h of hypotension (40-50 mm Hg). Arterial and cerebrospinal fluid lactate and pyruvate concentrations were not affected by hypotension, nor did cerebrospinal fluid pH decrease. In a separate group of dogs, we reduced arterial pressure to 40-50, 30-40 and 20-30 mm Hg successively. MAC decreased concomitantly, being 58±11% of control value at the lowest pressure. MAC increased following the restoration of normal pressure, but hysteresis was evident. In a third group of dogs, arterial pressure was reduced rapidly to 20-30 mm Hg. MAC decreased to 29±5% of control. This decrease was significantly greater than that associated with the three-stage reduction.
In recent years there has been renewed interest in controlled arterial hypotension during anaesthesia for operations requiring a "bloodless field" or in which blood loss may be great. Bellville and Artusio had the clinical impression that such hypotension reduced the amount of the agent required to maintain surgical anaesthesia (Bellville and Artusio, 1956 ). They were unable to confirm this impression: trimetaphaninduced hypotension (systolic pressure 60-80 mm Hg) in patients did not alter the requirement of cyclopropane. Studies of animals supported this impression, but the number of animals (three) was too few to yield reliable data (Eger, Saidman and Brandstater, 1965) . In the animal studies hypotension was achieved by haemorrhage.
The results of our present study suggest that hypotension reduces anaesthetic requirement and that the reduction depends partially on the speed with which hypotension is achieved.
MATERIAL AND METHODS
Twenty healthy, unpremedicated dogs of various ages, breeds, sexes and weights (19.9 kg ± SEM 0.4) were divided into four groups. Anaesthesia was induced and maintained with halothane in oxygen. A cuffed endotracheal tube was introduced without muscle relaxants. Breathing was controlled with a volume-limited respirator to achieve an arterial Pco 2 between 25 and 40 mm Hg. Intermittent end-tidal gas samples were obtained from the end of the endotracheal tube via a nylon catheter. analysed with a Beckman LB-1 infra-red analyser. Oseophageal temperature was measured with a thermister probe and was maintained at 37.5 ± 1 °C by external heating or cooling. MAC was determined as described previously (Eger, Saidman and Brandstater, 1965) . All measurements were made after at least 15 min of a constant end-tidal halothane concentration. Since hypotension was to be achieved by an infusion of trimetaphan, we studied first the effect of trimetaphan itself on MAC in the absence of hypotension (group 1). This proved difficult because the histamine apparently released by trimetaphan caused a peripheral vasodilatation which was not antagonized readily by noradrenaline. Accordingly, in three dogs, we obtained a control MAC, redetermined MAC after the injection of promethazine 2 or 3 mg i.v. (to block the effect of the released histamine) and then redetermined MAC during a 2-h infusion of trimetaphan 500 mg. The arterial pressure was prevented from decreasing by a concomitant infusion of noradrenaline which has been shown not to affect MAC (Steffey and Eger, 1975) .
In the second group (six dogs) we determined whether 3 h of hypotension (mean arterial pressure 40-50 mm Hg) altered halothane MAC progressively or caused a cerebrospinal fluid acidosis. A control MAC was determined, and arterial blood and cerebrospinal fluid (cisterna magna) specimens were obtained for analysis by electrode (Po^ Pco 2 and pH) or enzymatic techniques (pyruvate and lactate). Thereafter, hypotension was induced by a combination of a 10° head-up position, removal of 10 ml of blood per kg body weight, and the administration of 0.1 % trimetaphan solution i.v. using an infusion pump. In 7+1 min from the start of the trimetaphan infusion, it was usual to reach a mean arterial pressure of 40-50 mm Hg. The rate of infusion was adjusted to maintain this pressure. After 15 min, MAC was redetermined. The hypotension and MAC determinations were continued for 3 h. At the end of this time a second set of blood and cerebrospinal fluid samples was taken. The trimetaphan infusion was discontinued, the animal was returned to a level position and the shed blood was reinfused. If, 1 h later, the arterial pressure had not returned to the control value, phenylephrine (which does not affect MAC (Steffey and Eger, 1975) ) was infused. When the control pressure was achieved, MAC was measured.
In the third group (six dogs), halothane MAC was determined during normotension. Successive arterial pressure reductions to 40-50, 30-40 and 20-30 mm Hg were induced by the combinations of exsanguination, head-up tilt and trimetaphan. This sequence was then reversed. Each pressure value was maintained for 1 h (approximately) while MAC was redetermined-
In the fourth group (five dogs), we determined whether the rate of reduction of arterial pressure affected the decrease in halothane MAC. A control value of MAC was determined. Hypotension was induced by the same technique as in the second and third groups. However, the rate of infusion of 0.1% trimetaphan solution was adjusted to obtain a mean arterial pressure of 20-30 mm Hg in 2 ± 1 min from the start of infusion. This pressure was sustained for 1 h, during which MAC was redetermined. Thereafter, the infusion was discontinued, the animal was returned to a level position and the shed blood was reinfused. One hour later, we redetermined MAC. These determinations were continued for 4 h. If the pressure failed to return to control or decreased, phenylephrine was infused.
Arterial blood-gases were measured intermittently in all groups. In each group, arterial pressure was transduced from a femoral artery catheter with a strain gauge which was set to zero at the level of the pinna. The pressure was recorded on a polygraph and the mean pressure was obtained by electrical damping. All the animals were observed for 48 h following anaesthesia. Each MAC was corrected for any deviation of temperature from 37 °C (Steffey and Eger, 1974) . Body temperature was always within one degree of 37.5 °C.
An analysis of variance or paired or unpaired Student's t tests were used to determine the significance of changes in MAC.
RESULTS

Group 1.
In three dogs no changes occurred in MAC after small i.v. doses of promethazine 2-3 mg or during a 2-h infusion of trimetaphan solution 500 mg (table I) . Thus, the changes in MAC which occurred in the remaining groups did not result solely from administration of trimetaphan.
Group 2. MAC decreased by 20% in the first hour after the pressure decreased to 40-50 mm Hg (P<0.05) but there was no further change after the first hour (table II) . Acid-base balance, and lactate and pyruvate concentrations in arterial blood and cerebrospinal fluid did not change significantly.
Group 3. MAC did not decrease significantly until the arterial pressure decreased to less than 40 mm Hg. A 42±SEM 19% decrease in MAC occurred at the lowest pressure. Although the MAC values increased again with the return to a normal pressure, hysteresis was evident (table III, fig. 1 Group 4. The rapid reduction of arterial pressure decreased MAC by 72% (table IV) . This decrease in MAC was significantly greater (P<0.05) than that seen at the same pressure in group 3, in which the reduction in pressure was achieved more gradually.
DISCUSSION
This study demonstrates that arterial hypotension reduces anaesthetic requirement, the extent of the reduction depending on both the absolute pressure and the rate of the change. The magnitude of the reduction appears not to be influenced by trimetaphan. BelMlle and Artusio (1956) did not find a decrease in cyclopropane requirement in humans in whom hypotension had been induced with trimetaphan. They used e.e.g. to assess the depth of anaesthesia. However, the difference between their findings and ours may be because they achieved a systolic pressure of 60-80 mm Hg, which we presume to represent a mean pressure exceeding 45 mm Hg. Thus, the absence of a significant decrease in anaesthetic requirement is not unexpected.
Our findings agree partly with those of Wiederholt, Lock and Yashon (1972) , who suggested that trimetaphan had a direct effect upon cortical electrical activity. They compared the electroencephalograms in dogs in which hypotension had been induced (3O--4Omm Hg mean pressure) by a trimetaphan infusion or by haemorrhage. Electrical activity disappeared when trimetaphan was given, but was not influenced by blood loss. This implies that the alteration of electrical activity resulted from trimetaphan rather than hypotension. The finding of electrical silence with trimetaphan implies an anaesthetic effect also, since electrical silence is associated with coma or profound levels of anaesthesia. The results from our group 1 dogs do not support this conclusion:
trimetaphan in the absence of hypotension did not affect MAC (table I) . Some investigators have found a metabolic addosis with an increase in the cerebrospinal fluid lactate content during profound hypotension (Nilson and Siesjo, 1971; Magness et al., 1973) . In contrast, Keaney and colleagues (1973) found no decrease in cerebrospinal fluid bicarbonate during arterial hypotension to 33 mm Hg achieved with deep halothane anaesthesia. Our results agree with the latter finding. After 3 h of hypotension, neither a significant acidosis nor an increase in lactate had occurred in c.s.f. We conclude that a reduction in the mean arterial pressure to 45 mm Hg slightly decreases anaesthetic requirement, without gross evidence of cerebral hypoxia or anaerobic glycolysis. The lack of significant cerebral hypoxia is attested to further by the return to control MAC values following restoration of the pressure (table II) .
The cause of the decrease in MAC during hypotension in this group is not known. However, it was not the result of a generalized central acidosis. During successive pressure reductions (group 3) anaesthetic requirement was reduced significantly at pressures less than 40-50 mm Hg (table III) . Severe acidosis did not occur in these animals., even when the mean arterial pressure was 29 mm Hg.
The relationship between MAC and pressure resembles the reduction in cerebral blood flow associated with a stepwise reduction in arterial pressure (Hoyer et al., 1974) . That is, reductions in MAC commence at the pressure at which autoregulation of cerebral circulation is lost. The data from groups 2 and 3 suggest that a mean arterial pressure in the range 40-50 mm Hg occurring during halothane anaesthesia in dogs is associated with no undue effect. The hysteresis observed during recovery in group 3 suggests that lower pressures sustained for several hours may result in more serious changes. The data from group 4 support this thesis and suggest that a rapid reduction to low pressures may be particularly hazardous. Two of the five dogs subjected to a rapid decrease to 20-30 mm Hg became decerebrate-they failed to respond to stimuli following the elimination of halothane. One dog awoke but died within 24 h. During anaesthesia two dogs showed evidence of spontaneous intestinal haemorrhage. All of the animals in which the arterial pressure was reduced gradually to 20-30 mm Hg (group 3) survived, although they suffered hypotension for a longer period than those dogs in which the pressure was reduced acutely to 20-30 mm Hg. These data are consistent with tie work of Schallek and Walz (1954) , who showed that there was no change in the electroencephalogram when the arterial pressure was reduced at a rate of up to 10 mm Hg/ min. However, at more rapid rates of reduction, the electroencephalogram showed evidence of hypoxia at pressures at which no change had been found during the slower rates of reduction.
It should be noted that the acute reduction of pressure to 20-30 mm Hg (group 4) was achieved in 2+1 min. As noted above, damage resulted from this rapid reduction. The reduction to 40-50 mm Hg was performed more slowly, taking 7+1 min (group 2) and 12 + 2 min (group 3). We do not know whether a more rapid decrease to 40-50 mm Hg would have caused injury or a greater change in MAC, or both. 
EFFET DE L'HYPOTENSION ARTERIELLE SUR LES EXIGENCES ANESTHESIQUES CHEZ LES CHIENS
SUMARIO
En los perros, una reducci6n de la presi6n arterial media a 40-50 mm Hg disminuy6 la concentraci6n alveolar minima (CAM) en un 20 ± SEM 4% durante la primera hora. No hubo nuevos cambios durante las 3 h siguientes de hipotensi6n (40-50 mm Hg). Las concentraciones arterial y cerebroespinal de lactato y piruvato no fueron afectadas por la hipotensi6n, ni disminuyo el pH del liquido cerebroespinal. En otro grupo de perros logramos disminuir la presi6n arterial a 40-50, 30-40 y 20-30 mm Hg, sucesivamente. La CAM disminuy6 concomitantemente, siendo un 58 ± 11 % del valor testigo a la presi6n mis baja. La CAM aument6 tras la restauraci6n de la presidn normal, aunque fue evidente la histiresis. En un tercer grupo canino, se redujo rapidamente la presi6n arterial a 20-30 mm Hg. CAM disminuyd al 29±5% del valor testigo. Esta disminuci6n fue significativamente mayor que la asociada con la reducci6n en tres etapas.
